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Abstract
Aims. Late-life depression has substantial impacts on individuals, families and society.
Knowledge gaps remain in estimating the economic impacts associated with late-life depres-
sion by symptom severity, which has implications for resource prioritisation and research
design (such as in modelling). This study examined the incremental health and social care
expenditure of depressive symptoms by severity.
Methods. We analysed data collected from 2707 older adults aged 60 years and over in Hong
Kong. The Patient Health Questionnaire-9 (PHQ-9) and the Client Service Receipt Inventory
were used, respectively, to measure depressive symptoms and service utilisation as a basis for
calculating care expenditure. Two-part models were used to estimate the incremental expend-
iture associated with symptom severity over 1 year.
Results. The average PHQ-9 score was 6.3 (standard deviation, S.D. = 4.0). The percentages of
respondents with mild, moderate and moderately severe symptoms and non-depressed were
51.8%, 13.5%, 3.7% and 31.0%, respectively. Overall, the moderately severe group generated the
largest average incremental expenditure (US$5886; 95% CI 1126–10 647 or a 272% increase), fol-
lowed by the mild group (US$3849; 95% CI 2520–5177 or a 176% increase) and the moderate
group (US$1843; 95% CI 854–2831, or 85% increase). Non-psychiatric healthcare was the
main cost component in a mild symptom group, after controlling for other chronic conditions
and covariates. The average incremental association between PHQ-9 score and overall care
expenditure peaked at PHQ-9 score of 4 (US$691; 95% CI 444–939), then gradually fell to nega-
tive between scores of 12 (US$ - 35; 95% CI - 530 to 460) and 19 (US$ -171; 95% CI - 417 to
76) and soared to positive and rebounded at the score of 23 (US$601; 95% CI -1652 to 2854).
Conclusions. The association between depressive symptoms and care expenditure is stronger
among older adults with mild and moderately severe symptoms. Older adults with the same
symptom severity have different care utilisation and expenditure patterns. Non-psychiatric
healthcare is the major cost element. These findings inform ways to optimise policy efforts
to improve the financial sustainability of health and long-term care systems, including the
involvement of primary care physicians and other geriatric healthcare providers in preventing
and treating depression among older adults and related budgeting and accounting issues
across services.
Introduction
Financing healthcare and long-term care for older persons is a major challenge for societies
facing rapid population ageing (World Health Organization, 2015). Governments should iden-
tify and manage costs falling on health and long-term care systems to ensure financial sustain-
ability. Some costs, such as those associated with depression, are potentially avoidable
(Schoevers et al., 2006).
Depression is a common mental health condition among older adults (World Health
Organization, 2017). It often aggravates physical health problems (Porensky et al., 2009)
and increases healthcare costs (Bock et al., 2017). Studies found that older adults with depres-
sion generated higher healthcare costs than their non-depressed peers (Lum et al., 2013;
Ludvigsson et al., 2018; König et al., 2019). However, economic evidence on impacts of depres-
sive symptom severity on care utilisation and expenditure remains inconclusive because pre-
vious studies employed heterogeneous ways to categorise patients (Vasiliadis et al., 2013; Bock
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et al., 2016). Studies that used categorical diagnostic instruments
(e.g. ICD-10) or cut-off points from dimensional instruments (e.g.
Patient Health Questionnaire (PHQ-9)) also failed to examine the
gradual increase of healthcare utilisation and expenditure by
depression scores.
Additionally, few studies have explored differential impacts of
depressive symptom severity on expenditures across care settings
as earlier studies mainly focused on healthcare costs (König et al.,
2019). The uneven distribution of economic evidence across care
settings hinders our ability to inform strategic policies to optimise
financial resources across settings (Knapp and Wong, 2020).
Evidence also remains sketchy regarding care expenditure asso-
ciated with depressive symptoms beyond Western countries (Chin
et al., 2015). East Asian countries have a large and growing ageing
population, with the prevalence of late-life depression comparable
to Western countries (Guerra et al., 2016). Economic evidence
generated from Western studies may not be generalised to this
region, due to differences in care systems and help-seeking beha-
viours. Association between care cost and depression across care
settings in non-Western countries should be explored.
As in many other East Asian societies, attention to depression
is inadequate in Hong Kong (Lam et al., 2015), even though over
10% of older adults in primary care settings show signs of clinic-
ally significant symptoms (Sun et al., 2012). Hong Kong Chinese
older adults tend to report more somatic symptoms than their
western peers (Chan et al., 2015). As public healthcare is virtually
free (Ramesh and Holliday, 2001), older adults with depressive
symptoms tend to delay appropriate prevention but overuse
healthcare (Wong et al., 2009).
This study aims to investigate the effects of depressive symp-
tom severity on care utilisation and expenditures across three
care settings (healthcare, rehabilitation and social care) among
community-dwelling older adults in Hong Kong, using two
approaches to define severity: by standard cut-off points and
gradual change of PHQ-9 score, respectively. Based on prior
studies, we hypothesised that (1) compared to those without
depressive symptoms, older adults with higher depressive symp-
tom severity are more likely to use healthcare, rehabilitation and
social care services, and have a greater amount of care expendi-
tures and (2) the gradual increase in PHQ-9 score is associated




The current study applied a cross-sectional design. Study data were
derived from assessments of 2707 community-dwelling Chinese
older adults in a community-based program collaborative stepped-
care service for preventing late-life depression implemented in
Hong Kong between September 2016 and September 2019. To be
eligible, respondents needed to (1) be aged 60 years or older;
(2) have mild or above depressive symptoms (scoring ⩾5 on
PHQ-9), or PHQ-9 < 5 and at least one of the following risk factors
for elderly depression, identified by existing literature (Schoevers
et al., 2006; Sun et al., 2012), including frequently feeling lonely,
lack of social interaction, lack of meaningful/enjoyable activities,
chronic pain, more than four chronic diseases, bereavement and
previous diagnosis of depression/anxiety. Those with a known
history of autism, intellectual disability, schizophrenia-spectrum
disorder, bipolar disorder, Parkinson’s disease or dementia
were excluded. Those with significant suicidal risk, assessed by
trained social workers using the self-harm inventory (Gratz,
2001), were excluded and referred to professional care. All data
were collected by trained social workers through face-to-face
interviews.
Service utilisation and expenditure
We focus on service utilisation and expenditure in three care set-
tings: healthcare (inpatient/outpatient psychiatric care and non-
psychiatric care, community-based psychiatrists/psychiatric nurses,
community-based general practitioners and nurses), rehabilitation
(day-hospital, physiotherapist and occupational therapist consult-
ation) and social care (professional social work services, clinical
psychologist services and non-professional community support ser-
vices such as chore services andmeal delivery). We categorised clin-
ical psychologist services into social care sector as clinical
psychologists are required as part of a multi-disciplinary profes-
sional team in mental health-related social service (The Hong
Kong Council of Social Service, 2015). Trained social workers col-
lected information on respondents’ service utilisation for the previ-
ous 3 months during face-to-face interviews using the locally
adapted Client Service Receipt Inventory (CSRI) (Beecham and
Knapp, 1992). A team of experienced researchers with strong health
services research and health economics backgrounds adapted the
CSRI and piloted it with a small sample of older persons in 2016.
We calculated 3-month and then annual expenditure by multiply-
ing the volume of service usage and unit cost of these services
obtained from the government (2017/2018 prices). All costs
were converted to US dollars using the official exchange rate.
Service categories and unit costs are shown in online
Supplementary Table 1.
Depressive symptom severity
Depressive symptom severity was assessed using the Chinese ver-
sion of the PHQ-9 (Yeung et al., 2008). PHQ-9 scores range from
0 to 27, with cut-off points of 5, 10 and 15 suggesting non-
depressed (PHQ-9 = 0–4), mild (PHQ-9 = 5–9), moderate
(PHQ-9 = 10–14) and moderately severe (PHQ-9 ⩾ 15) symp-
toms, respectively (Kroenke et al., 2000; Chen et al., 2010).
Cronbach alpha in this sample was 0.71, showing good internal
consistency.
Covariates
Control variables included gender (female versus male (the refer-
ence group)), age (years), marital status (married versus divorced/
single/widowed (the reference group)), years of education, poverty
status (recipient of means-tested welfare payment versus non-
recipient (the reference group)) and living arrangements (living
alone versus living with others (the reference group)). The com-
mon chronic condition was assessed by a single question about
whether participants have over four common chronic conditions
(yes versus no (the reference group)). Cognition was measured
using the Hong Kong Chinese version of the Montreal
Cognitive Assessment 5-minute protocol (MoCA) (Wong et al.,
2015). These covariates were included as suggested in the litera-
ture (Garrido et al., 2011). We also controlled for a previous diag-
nosis of depression/anxiety (yes versus no (the reference group)).
A sensitivity analysis was performed to check the robustness of
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results without controlling for a previous diagnosis of depression/
anxiety.
Data analyses
Respondents were grouped according to their PHQ-9 scores into
one of four groups: non-depressed, mild, moderate and moder-
ately severe symptoms. We used Chi-square or one-way
ANOVA to examine between-group differences in respondents’
characteristics. We used logistic regression to examine effects of
depressive symptoms on service utilisation across care settings
and used the generalised linear model (GLM) with the log link
and gamma distribution to estimate the effects on expenditure
among those who used services as expenditure data were highly
skewed (Deb and Norton, 2018). In both parts of the model, we
controlled for gender, age, marital status, education, chronic con-
dition, cognitive function, living arrangements and poverty status.
We estimated predicted expenditure E(yi|xi) across the four
groups (xi) for each care setting using the following formula:
E(yi|xi) = Probability (yi . 0|xi)
× Expenditures (yi|yi . 0, xi) (1)
The formula (1) indicates that the expected expenditure is the
product of the probability of having a positive expenditure and
the amount of care expenditures when participants use any ser-
vice. This two-part model (TPM) was preferred because some
respondents did not use any health/rehabilitation/social care ser-
vices during the previous 3 months (Belotti et al., 2015). We ran
TPMs to estimate the incremental effect of severity of depressive
symptoms on expenditures across three care settings. Incremental
expenditure associated with a severity level of depressive symp-
toms for a respondent is the difference in predicted expenditure
with and without depressive symptoms for that respondent
(Basu and Rathouz, 2005). The incremental/marginal effect (aver-
age marginal effect (AME)) for the severe symptoms of interest,
di, can be written as:
Incremental effect = E(yi|di = 1)− E(yi|di = 0) (2)
We used the twopm command for running TPM analysis
(Belotti et al., 2015) and obtained the AMEs using the margins
command (Williams, 2012; Belotti et al., 2015) in Stata V15.1.
Estimates of AMEs were bootstrapped 5000 times to obtain con-
fident interval (CI). We first tested the effects of severity symp-
toms using cut-off points and then repeated our TPM analysis
with PHQ-9 score as a continuous variable. Noting potential non-
linear relationships between PHQ-9 score and costs, we first ran
the curve estimation regression statistics (linear, quadratic and
cubic) and then decided whether to include squared and cubic
terms of PHQ-9 score in the TPM. The marginsplot command
was used to capture the AMEs of the discrete change in PHQ-9
score on costs (Williams, 2012).
Results
Table 1 presents respondents’ demographic and socio-economic
characteristics. Most were female (78.2%), 39.2% were married,
40.8% lived alone and 29.0% received means-tested welfare bene-
fits, average age was 76.4 years (S.D. = 8.3) and average formal edu-
cation was 4.9 years (S.D. = 4.6). Average MoCA score was
21.6, and 11.1% had four or more chronic diseases and 8.5%




(n = 838, 31.0%)
Mild (n = 1,403,
51.8%)
Moderate
(n = 367, 13.5%)
Moderately severe
(n = 99, 3.7%)
p
valueN (%)/Mean (S.D.) N (%)/Mean (S.D.) N (%)/Mean (S.D.) N (%)/Mean (S.D.) N (%)/Mean (S.D.)
Female 2118 (78.2) 637 (76.0) 1109 (79.0) 298 (81.2) 74 (74.8) 0.143
Married 1062 (39.2) 318 (38.0) 570 (40.6) 133 (36.2) 41 (41.4) 0.348
Age (60–99 years) 76.4 (8.3) 76.9 (8.3) 76.6 (8.4) 75.7 (8.0) 74 (9.1) 0.186
Education (0–21 years) 4.9 (4.6) 4.8 (4.4) 5.1 (4.6) 4.9 (4.7) 4.5 (4.2) 0.845
Living arrangements 0.042
Alone 1105 (40.8) 358 (42.7) 570 (40.6) 139 (37.9) 38 (38.4)
With spouse 627 (23.2) 199 (23.8) 340 (24.2) 67 (18.3) 21 (21.2)
With children 330 (12.2) 105 (12.5) 158 (11.3) 55 (15.0) 12 (12.1)
With others 645 (23.8) 176 (21.0) 335 (23.9) 106 (28.9) 28 (28.3)
Poverty status: Welfare
recipients
785 (29.0) 238 (28.4) 410 (29.2) 105 (28.6) 32 (32.3) 0.857
MoCA (range 9.5–30) 21.6 (4.4) 21.7 (4.5) 21.5 (4.3) 21.7 (4.4) 21 (4.4) 0.492
With more than four chronic
diseases
301 (11.1) 99 (11.8) 150 (10.7) 37 (10.1) 15 (15.2) 0.417
Previous diagnosis of
depression/anxiety
231 (8.5) 48 (5.7) 123 (8.8) 39 (10.6) 21 (21.2) <0.001
PHQ-9 (range 0–23) 6.3 (4.0) 2.2 (1.5) 6.7 (1.4) 11.6 (1.5) 17.4 (2.2) <0.001
Notes: p values are calculated using Chi-square/ANOVA test. MoCA, Montreal Cognitive Assessment; PHQ-9, Patient Health Questionnaire-9.
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had previously been diagnosed with depression or anxiety.
Average PHQ-9 score was 6.3 (S.D. = 4.0) and 31.0% were non-
depressed, 51.8% had mild depressive symptoms, 13.5% had
moderate depressive symptoms and 3.7% had moderately severe
depressive symptoms. Significant between-group differences
were evident only as regards living arrangements PHQ-9 score
and prior diagnosis of depression or anxiety.
Table 2 shows unadjusted service utilisation and annual care
expenditure: 9.9% used psychiatric healthcare, 82.7% used non-
psychiatric healthcare and 84.5% used healthcare services in
total; 5.3% used rehabilitation services and 12.9% used social
care. Overall, 86.3% of the respondents used at least one type of
care service. The numbers of respondents who did not use health-
care, rehabilitation and social care services were 419 (15.5%), 2563
(94.7%) and 2359 (87.1%), respectively. There were significant
associations between service utilisation and symptom severity.
Average psychiatric care expenditure was US$148 (S.D. = US
$969), compared with US$4260 (S.D. = US$27 551) for non-
psychiatric healthcare. Average rehabilitation expenditure was
US$215 (S.D. = US$1846) and social care expenditure was US$91
(S.D. = US$1817). Thus, the average unadjusted annual total care
expenditure among all respondents was US$4714 (S.D. = US$27
796). There were significant differences in psychiatric and non-
psychiatric care expenditure across groups. Overall, the mild
group generated the highest overall care expenditure (US$6346)
(S.D. = US$37 146), followed by the moderately severe group (US
$5689) (S.D. = US$12 622).
Table 3 shows the results of the logit regression on service utilisa-
tion and GLM analyses on care expenditure among those who used
services. Compared with the non-depressed group, respondents in
the mild (odd ratio, OR = 1.57, p < 0.001), moderate (OR = 1.72,
p < 0.01) and moderately severe (OR = 4.00, p < 0.01) groups
reported a higher likelihood of healthcare usage after controlling
for chronic diseases, cognition and other covariates. Mild, moderate
and moderately severe groups were also more likely to use rehabili-
tation and social care services. Among those who used healthcare
services, the moderately severe group incurred the greatest health-
care expenditure (β = 1.22, p < 0.001), followed by the mild group
(β = 0.93, p < 0.001). Overall, the moderately severe group were
more likely to use any type of care services (OR = 3.44, p < 0.01)
and generated the greatest expenditure (β = 1.18, p < 0.001).
Female respondents generated less healthcare and social care
expenditures, and age was associated with a higher likelihood of
healthcare usage and expenditure; respondents with more educa-
tion had greater social care expenditure; welfare recipients were
more likely to have social care usage and generated greater
rehabilitation and social care expenditures; and those living
alone were more likely to use social care; those with more than
four chronic diseases were more likely to use healthcare and
rehabilitation care. Results of the sensitivity analysis of the TPM
that did not adjust for a previous diagnosis of depression/anxiety
were almost the same as that of the TPM controlling for a previ-
ous diagnosis of depression/anxiety (online Supplementary
Table 2).
Table 4 shows predicted expenditures and AMEs across care
settings by levels of depressive symptom severity after controlling
for covariates. The moderately severe group generated the largest
predicted overall care expenditure (US$8104; 95% CI US$7925–
US$8284), followed by the mild group (US$6066; 95% CI US
$5928–US$6206) and the moderate group (US$4061; 95% CI
US$3968–US$4153). The non-depressed group generated the
lowest predicted total care expenditure (US$2218; 95% CI US
$2166–US$2270). The moderately severe group generated the lar-
gest average incremental expenditure (US$5886; 95% CI US
Table 2. Percentage of care utilisation and unadjusted annual care expenditures (US$) by care settings (N = 2707)
Health Care (A)
Rehabilitation (B) Social care (C) Total (A + B + C)Psychiatric care Non-psychiatric care Subtotal
Care utilisation, %
All respondents 9.9 82.7 84.5 5.3 12.9 86.3
By severity level
Non-depressed 5.0 78.8 79.8 3.2 13.4 82.7
Mild 9.2 84.1 86.0 6.1 10.1 87.5
Moderate 18.8 83.9 86.9 5.7 19.1 88.0
Moderately Severe 27.3 91.9 93.9 10.1 24.2 93.9
Chi-square 89.62*** 17.31** 24.84*** 13.76** 33.68*** 16.58**
Care expenditures, Mean (S.D.)
All respondents 148 (969) 4260 (27 551) 4408 (27 561) 215 (1846) 91 (1817) 4714 (27 796)
By severity level
Non-depressed 60 (321) 2150 (11 157) 2210 (11 162) 112 (1080) 70 (758) 2392 (11 307)
Mild 129 (800) 5795 (36 851) 5924 (36 848) 306 (2377) 117 (2452) 6346 (37 146)
Moderate 369 (1999) 3000 (7875) 3369 (8177) 95 (575) 48 (204) 3511 (8213)
Moderately Severe 344 (812) 5042 (12 563) 5386 (12 541) 244 (1341) 59 (149) 5689 (12 622)
ANOVA test 10.32*** 3.38* 3.42* 2.53 0.21 3.84**
Notes: S.D., standard deviation. * p < 0.05; ** p < 0.01; *** p < 0.001.
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$1126–US$10 647 or a 272% increase), followed by the mild
group (US$3849; 95% CI US$2520–US$5177, or a 176% increase)
and the moderate group (US$1843; 95% CI US$854–US$2831 or
85% increase). All these average marginal associations were
significant.
Similarly, the moderately severe group generated the highest
predicted healthcare expenditure of US$8079 (95% CI US
$7883–US$8275), followed by the mild group (US$5615; 95%
CI US$5474–US$5756), and moderate group (US$4012; 95% CI
US$3911–US$4112). The moderately severe group generated the
largest average incremental healthcare costs (US$6009; 95% CI
US$1025–US$10 994 or a 297% increase), followed by mild
group (US$3546; 95% CI US$2277–US$4815, or 173% increase)
and moderate group (US$1943; 95% CI US$923–US$2963 or
96% increase). All average marginal associations were statistically
significant. However, the mild group generated the largest and
significant average incremental rehabilitation care expenditure
(US$202; 95% CI US$23–US$382 or 190% increase), while aver-
age marginal associations between symptom severity with social
care expenditure were not significant.
Table 5 shows results of TPM analysis of psychiatric and non-
psychiatric healthcare utilisation and expenditure. Depressive
symptom severity was significantly associated with psychiatric
care usage. However, among those who used care, symptom sever-
ity was not significantly associated with psychiatric care expend-
iture. For non-psychiatric care, symptom severity was linked to
both likelihoods of non-psychiatric care use and expenditure.
Compared with the non-depressed group, the moderately severe
Table 3. Results of the two-part model analysis on care expenditures
Health care Rehabilitation Social care Total
Logit GLM Logit GLM Logit GLM Logit GLM
OR (S.E.) β (S.E.) OR (S.E.) β (S.E.) OR (S.E.) β (S.E.) OR (S.E.) β (S.E.)
Severity level (ref.: non-depressed)
Mild 1.57*** 0.93*** 1.98** 0.41 0.75* 0.53 1.49** 0.95***
(0.18) (0.14) (0.45) (0.34) (0.10) (0.27) (0.18) (0.14)
Moderate 1.72** 0.58*** 1.86* −0.58 1.70** −0.40 1.61* 0.54***
(0.31) (0.15) (0.56) (0.37) (0.29) (0.28) (0.30) (0.15)
Moderately severe 4.00** 1.22*** 2.99** −0.36 2.29** −0.08 3.44** 1.18***
(1.73) (0.31) (1.18) (0.49) (0.63) (0.32) (1.51) (0.30)
Control variables
Female 0.94 −0.96*** 0.93 −0.23 0.86 −0.67* 0.89 −0.93***
(0.13) (0.19) (0.20) (0.28) (0.13) (0.28) (0.13) (0.18)
Married 0.91 −0.28 1.01 0.11 1.18 −0.22 0.91 −0.28
(0.12) (0.17) (0.22) (0.30) (0.20) (0.24) (0.13) (0.17)
Age 1.03** 0.03*** 1.00 −0.02 1.01 −0.02 1.04*** 0.02**
(0.01) (0.01) (0.01) (0.02) (0.01) (0.01) (0.01) (0.01)
Years of education 1.01 0.00 0.99 −0.01 0.99 0.07* 1.01 0.00
(0.01) (0.02) (0.02) (0.03) (0.01) (0.03) (0.01) (0.02)
Living alone 0.97 −0.29 1.06 0.16 2.34*** −0.67** 1.17 −0.29
(0.14) (0.20) (0.22) (0.29) (0.37) (0.24) (0.17) (0.19)
Poverty status: Welfare recipients 1.28 0.14 1.07 0.61* 1.62*** 1.46*** 1.36* 0.21
(0.17) (0.16) (0.20) (0.27) (0.21) (0.26) (0.20) (0.16)
MoCA 1.00 0.00 0.99 0.05 1.00 −0.03 1.00 0.00
(0.02) (0.02) (0.02) (0.04) (0.02) (0.03) (0.02) (0.02)
Previous diagnosis of depression/
anxiety
1.56 0.19 1.39 0.06 1.10 0.08 1.48 0.19
(0.36) (0.16) (0.38) (0.40) (0.23) (0.26) (0.35) (0.16)
With more than four chronic diseases 2.18*** 0.12 2.80*** 0.19 1.27 0.34 2.45*** 0.19
(0.48) (0.16) (0.60) (0.29) (0.23) (0.38) (0.60) (0.15)
Constant 0.53 6.33*** 0.05* 8.26*** 0.03*** 7.64*** 0.27 6.79***
(0.44) (0.85) (0.07) (1.76) (0.03) (1.18) (0.22) (0.83)
Notes: MoCA, Montreal Cognitive Assessment; OR, odds ratio; S.E., standard error; β, coefficient; GLM, generalised linear model; Standard errors in parentheses. * p < 0.05; ** p < 0.01; *** p <
0.001.
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group was more likely to use non-psychiatric healthcare (OR =
3.43, p < 0.01), followed by the mild (OR = 1.46, p < 0.001) and
the moderate (OR = 1.48, p < 0.05) groups. The moderately severe
group generated the greatest predicted expenditure (US$7855;
95% CI US$7658–US$8052), followed by the mild group (US
$5502; 95% CI US$5360–US$5645) and the moderate group
(US$3570; 95% CI US$3477–US$3662). Average marginal asso-
ciations of symptom severity on non-psychiatric care were
significant.
We repeated TPM analysis using PHQ-9 score as a continuous
variable. After examining the curve fitness for each care setting,
we included squared and cubic terms of PHQ-9 score for health-
care, psychiatric and non-psychiatric care (online Supplementary
Table 3). Figure 1 illustrates AMEs of PHQ-9 score for all cost cat-
egories. The cubic relationship between PHQ-9 score and the
incremental cost was found in non-psychiatric care setting.
Healthcare and overall care expenditures followed a similar pat-
tern, as non-psychiatric care was the major cost component.
The average incremental association between PHQ-9 score and
overall care expenditure peaked at the PHQ-9 score of 4 (US
$691; 95% CI US$444–US$939), then gradually fell to negative
between 12 (US$-35; 95% CI US$-530 to US$460) and 19 (US
$-171; 95% CI US$-417 to US$76) scores and soared to positive
and rebounded at the score of 23 (US$601; 95% CI US
$-1652 to US$2854). AMEs on psychiatric care fluctuated less
than non-psychiatric care while AMEs on social care and rehabili-
tation were flat.
Discussion and implications
To our knowledge, this is the first study to systematically estimate
increased care costs associated with depressive symptom severity
among older adults in Asia and across three care settings. Our
findings highlight significant economic impacts on health and
social care systems associated with the depressive symptom.
Depressive symptom severity and PHQ-9 scores were signifi-
cantly associated with care utilisation and expenditure: compared
to older adults without depressive symptoms, those with mild,
moderate and moderately severe symptoms were more likely to
use healthcare, rehabilitation and social care, and had higher
care expenditures in healthcare settings, especially non-
psychiatric care, which were consistent with previous studies
(König et al., 2019).
We also captured the complexity of impacts of depressive
symptoms on costs. A cubic relationship between symptom sever-
ity and care expenditure was found: moderately severe symptoms
were associated with the largest and significant increase in health-
care and its subgroup non-psychiatric care, followed by mild
symptoms. These incremental associations on care expenditure
in the mild-symptom group were substantially greater than for
moderate symptoms. Consistent with existing literature (Lum
et al., 2013), the present study finds evidence of greater care
expenditure associated with mild depressive symptom than with
moderate symptoms. It is possible that mild level depressive
symptoms are mainly presented as somatic symptoms (e.g. appe-
tite change), and thus older adults with mild symptoms may seek
help from general care sector, while those with moderate symp-
toms lack energy to seek help because of their depression
(Parker et al., 2001).
This pattern persisted when incremental effects of PHQ-9
score on care were examined, providing even finer graduation in
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relationships were found in the healthcare setting when older
adults scored 0–9 on PHQ-9, while U-shaped relationships were
found among those scoring 10–23 on PHQ-9 in healthcare and
non-psychiatric care settings. Such patterns were also found in
total care expenditure. Older adults with the same symptom
severity can therefore have different care needs and utilisation.
Older adults who scored 10 on PHQ-9 generated positive average
incremental overall care costs while those scoring 14 had negative
average incremental overall care costs. It is possible that older
adults with PHQ-9 score of 0–4 are sensitive to emerging symp-
toms and associate such changes with physical health problems
(Lee et al., 2007) and thus prefer to seek help in non-psychiatric
healthcare settings. In contrast, older adults with moderate symp-
toms are reluctant to seek help due to stigma (Parker et al., 2001).
When depressive symptoms become moderately severe, older
adults with some alarming symptoms, like suicidal ideation, get
noticed by family members who may refer them to treatment
(Wong et al., 2009). Moderately severe depression in older people
may exacerbate disability and symptoms of chronic diseases, hin-
dering their self-care ability, which leads to increase in hospital-
isation or visits in Accident and Emergency department (Wong
et al., 2009).
Table 5. Results of two-part model analysis, predicted expenditures and incremental costs of psychiatric and non-psychiatric care (US$) with bootstrapped 95% CI
(N = 2707)
Psychiatric care Non-psychiatric care
Logit GLM Predicted $ IC $
%
Diff




(S.E.) β (S.E.) (95% CI) (95% CI)
OR





Mild 1.78** 0.02 127 50* 74 1.46*** 0.94*** 5502 3491*** 176
(0.34) (0.17) (122–132) (6–94) (0.17) (0.15) (5360–5645) (2219–4764)
Moderate 4.09*** 0.27 321 235*** 368 1.48* 0.51** 3570 1558** 79
(0.93) (0.18) (303–321) (104–365) (0.25) (0.16) (3477–3662) (598–2518)
Moderately severe 5.08*** 0.07 299 221** 359 3.43** 1.21*** 7855 5844* 298
(1.60) (0.20) (291–307) (65–377) (1.31) (0.34) (7658–8052) (554–11 135)
Control variables
Female 0.84 0.30* 1.04 −1.00***
(0.16) (0.14) (0.14) (0.19)
Married 0.67* 0.08 0.96 −0.25
(0.12) (0.14) (0.13) (0.17)
Age 0.95*** 0.00 1.04*** 0.03***
(0.01) (0.01) (0.01) (0.01)
Years of education 1.02 0.01 1.02 −0.01
(0.02) (0.02) (0.01) (0.02)
Living alone 0.92 0.42* 0.91 −0.29
(0.17) (0.16) (0.12) (0.20)
Poverty status: Welfare
recipients
1.33 0.26 1.16 0.12
(0.23) (0.16) (0.15) (0.16)
MoCA 1.02 −0.02 0.99 0.00
(0.02) (0.02) (0.01) (0.02)
Previous diagnosis of
depression/anxiety
9.03*** −0.25* 0.94 0.14
(1.63) (0.13) (0.18) (0.18)
With more than four
chronic diseases
0.85 −0.38** 2.37*** 0.13
(0.19) (0.13) (0.51) (0.16)
Constant 1.22 7.01*** 0.27 6.22***
(1.48) (0.79) (0.21) (0.90)
Notes: MoCA, Montreal Cognitive Assessment; OR, odds ratio; S.E., standard error; β, coefficient; GLM, generalised linear model; IC, incremental cost; Diff, difference; CI, confidence interval; S.E.
and CI in parentheses. * p < 0.05; ** p < 0.01; *** p < 0.001.
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Therefore, careful attention should be paid to care need (both
amount and types) of older adults within symptom severity cat-
egories. Relevantly, these findings suggest two opportunity win-
dows for timely prevention/treatment. The first lies at the
PHQ-9 score of 0–4: even though overall care cost is low when
older adults are not depressed, every single unit increase in
PHQ-9 is associated with larger incremental cost (US$510–US
$691); the second window lies at PHQ-9 score of 15–20 when
care expenditure is mounting before marginal effects rebound.
This study found that after controlling for other covariates
including comorbid conditions, higher symptom severity was posi-
tively and significantly associated with non-psychiatric healthcare
expenditure. Having more than four chronic diseases was inde-
pendently associated with higher likelihood of non-psychiatric
care utilisation yet smaller psychiatric care expenditure. These find-
ings seem to suggest that older Asian people are more likely to see
depressive symptoms as a somatic illness because the bodily experi-
ence is regularly coupled with the expression and experience of
emotional distress (Lee et al., 2007), leading to a significant increase
in non-psychiatric care expenditure. Meanwhile, the findings
suggest that depressive symptoms significantly affect the care of
other chronic illnesses, leading to a significant increase in non-
psychiatric care expenditure. Future research should explore how
depressive symptoms interact with specifically identified commod-
ities to affect health/social care use/expenditures.
We also observed that sociodemographic factors including gen-
der and education were significantly associated with health and
social care utilisation. Previous evidence related to the gender differ-
ence in healthcare utilisation remains mixed (Redondo-Sendino
et al., 2006; Vegda et al., 2009). We found that females used more
psychiatric care than males and males used more non-psychiatric
care than females. It seems that men were substituting psychiatric
care with non-psychiatric care, likely because they were more
affected by stigma associated with depression than females
(McVittie and Willock, 2006). Our study also found that years of
education was only positively and significantly related to social
care expenditures, while findings of prior studies on education
and care utilisation remained inconclusive (Chao et al., 2013).
The findings also underline the effects of living arrangement
and poverty status on service use and/or care costs. Consistent
with previous studies (König et al., 2019), we found that older
adults living alone were more likely to utilise social care and
had greater psychiatric care expenditures. One explanation is
that older adults who are more isolated lack social connection,
therefore worsening overall wellbeing. This finding suggests the
need to provide additional support to those living alone. Older
adults who were welfare recipients were more likely to use
rehabilitation and social care. As all mean-tested recipients in
Hong Kong are entitled to free healthcare at public hospitals or
clinics, they may be inclined to overuse care services.
Our study has both strengths and limitations. Strengths
include a large sample, data collection by professionally trained
social workers, service use data from three settings, differentiation
between psychiatric and non-psychiatric healthcare, adjustment
for a comprehensive array of covariates, cost estimation using
TPM, levels of depression measurement based on PHQ-9 scores
and use of PHQ-9 as a continuous variable to examine non-linear
cost-symptoms relationships.
Our limitations include, first, the sample was not chosen ran-
domly: respondents were recruited from social service centres and
mental wellness centres for a project serving older adults at risk
of, or who exhibited mild-to-moderate depressive symptoms. This
group is probably more vulnerable than the general older popula-
tion. Second, we only estimated direct medical costs, excluding
costs associated with medication and informal care, thus underesti-
mating overall economic impacts. Third, healthcare utilisation data
were self-reported and possibly subject to recall bias. We used CSRI
to collect data over a 3-month retrospective period while PHQ-9
score and other covariates were collected on the last date of that per-
iod. Fourth, we used a cross-sectional design which limited our abil-
ity to explore causal relationships between depressive symptoms
and costs. Last, the comorbid condition was measured by a self-
reported single question asking whether respondents have more
than four chronic conditions or not, which limited our ability to
further examine whether certain comorbid conditions are more
expensive to prevent/treat than the others.
Fig. 1. Results of average marginal associations on
care expenditures using PHQ-9 score as a continuous
variable. Notes: Results controlled for gender, age,
marital status, education, poverty status, living alone,
cognitive function, chronic diseases and a history of
a diagnosis of depression/anxiety. The marginal asso-
ciations were calculated based on the two-part
model analyses in online Supplementary Table 3.
TPM, two-part model. The Patient Health
Questionnaire-9 (PHQ-9) score ranged from 0 to 23 in
this sample.
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Nevertheless, our findings have important policy implications.
We advanced the literature in economics of mental health by doc-
umenting the association between severity of depressive symptoms
and care costs across three settings, the cubic relationship between
symptom severity and care expenditure, and such association
among East Asian older adult population. Therefore, future studies
can combine our baseline data with electronic health records and
epidemiological data to project economic impacts and potential
savings from investing in prevention and intervention strategies.
Future studies can use our baseline data in economic models to
evaluate the cost-effectiveness of new preventive/treatment inter-
ventions in Asia. Mild depression imposes a significant economic
burden on society, with non-psychiatric healthcare being the
major cost component. Investment in prevention and treatment
of depression in primary care settings will likely be an effective
cost-saving strategy.
Conclusion
Depression is associated with significant economic impacts for
healthcare and social care systems in an Asian city. The effect is
larger among older adults with mild and moderately severe
depressive symptoms. Older adults with similar symptom severity
have very different care utilisation and expenditures: incremental
associations between PHQ-9 score and care expenditures are not
identical at different depression severities. Highest costs are seen
in non-psychiatric healthcare settings, so screening of depressive
symptoms should be included in these settings to provide proper
diagnosis and treatment. Investment in prevention and treatment
of depression in primary care settings would help reduce impacts
of depression on the healthcare and long-term care system, facili-
tating their sustainability, especially given the rapidly ageing
population in Asia.
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